ells that experience certain types of stress, particularly stress that is potentially cancer-causing, undergo an essentially permanent arrest of proliferation termed cellular senescence 1 . Since its formal description in the 1960s, cellular senescence has been thought both to suppress the development of cancer and to promote ageing. Support for these roles has come from tumour studies in mice and humans 2 , and from the realization that senescent cells secrete proteins that cause inflammation, a hallmark of ageing tissues 3 . More recently, a complex inflammatory response called the senescence-associated secretory phenotype (SASP) was shown to facilitate tissue repair and remodelling, and about changes in low-level cloud over the tropical ocean contributes greatly to the uncertainty of climate sensitivity, uncertainties in other processes -such as changes in sea ice, water vapour, atmospheric temperature and cloud at other atmospheric levels and regions of the world -are also important.
Sherwood and colleagues' study represents a big advance, but questions persist. For example, around half of the spread of climate sensitivities estimated in their study remains unexplained. Furthermore, there is no guarantee that the available ensemble of climate models samples the full range of uncertainty, or that the results might not be skewed by common errors in most of the models 6, 7 . But although the authors' approach may not provide all the answers, the alternative approach of analysing past changes also has considerable difficulties. There are substantial uncertainties in estimates of radiative balance, and observational data on surface-air temperature and ocean heat intake suffer from limited spatial and temporal coverage, sampling biases and discontinuities associated with the use of different measurement instruments. For example, a study 8 last year suggests that the global warming rate in the past 15 years has been under estimated because of the lack of observations of sea surface temperatures over the Arctic region.
For now, Sherwood et al. have proposed and tested a convincing mechanism that explains half of the spread of models' climate sensitivities, and which suggests that future climate will be warmer than expected. The fact that their findings are variously consistent and 3 propose processes that lead to substantial differences in the response of low-level cloud to changing CO 2 levels, and which help to explain the variation in climate sensitivities calculated by the models. (Graphic generated by H.S. and T.O.)
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The beginning of the end
Studies in mice and humans suggest that cellular senescence, the cessation of cell proliferation that is known to suppress cancer and promote ageing, may have evolved to regulate embryonic development. 6 , published in Cell, suggest a surprising answer: to fine-tune embryogenesis.
Both research groups found evidence for the presence of senescent cells in mouse and human embryos. To identify these cells, the researchers initially relied on a commonly used marker of senescence, the activity of an enzyme known as senescence-associated β-galactosidase (SA-β-gal). Their combined results identified nondividing SA-β-gal-containing cells in the embryonic kidney, the endolymphatic sac of the inner ear, developing limbs, the closing neural tube and the apical ectodermal ridge, among other structures. Further analyses showed that non-dividing cells in these structures also expressed high levels of p21, a cell-cycle-inhibitor protein that is often expressed by senescent cells in culture and in postnatal tissues, and of a subset of SASP proteins, which are presumed to facilitate the infiltration of immune cells and eventual clearance of senescent cells (Fig. 1) . Surprisingly, however, both groups found that non-dividing cells in these embryonic structures did not express p16 INK4a , a cell-cycleinhibitor and tumour-suppressor protein that is commonly produced by senescent cells in culture and in postnatal tissues; instead, they expressed p15, another cell-cycle inhibitor that is produced by only some non-embryonic senescent cells. Similarly, the cells showed no evidence of a DNA-damage response or activation of p53, the tumour-suppressor and transcriptional-regulator protein that controls the senescence response to tissue damage or cancer-causing stress. The authors also show that senescence in the embryo depended on p21, whereas senescence in non-embryonic tissues depends primarily on p53 and p16
INK4a
. More over, p21 expression in the embryo was induced by two transcription factors, FOXO and SMAD, which are controlled by the PIK and TGF-β signalling pathways; by contrast, induction of p21 during non-embryonic senescence is generally mediated by the DNA-damage response and p53. Thus, the senescence that occurs in embryos shares some, but not all, features of the senescence responses that suppress cancer and facilitate tissue repair (Fig. 1) .
What functions do senescent cells serve in the embryo? The authors of both papers speculate that the cells might fine-tune the development of tissue structures in the embryo, as proposed 20 years ago 7 . In addition to curtailing their own proliferation, senescent cells secrete factors that have potent effects on other cells 4 , including effects on apoptotic cell death, cell migration, immune-cell infiltration and angiogenesis (the generation of new blood vessels). It was surprising, therefore, that the researchers found only a few pre-or post natal abnormalities in mouse embryos rendered senescence-free by deletion of the gene encoding p21. Of course, embryos are remarkably plastic and, indeed, the authors' analyses of the kinetics and structure of morphogenesis in the senescence-free embryos showed that other tissue-remodelling processes largely compensate for the lack of senescence.
The results reported by Muñoz-Espín et al. and Storer et al. are consistent with their view that cellular senescence evolved to optimize embryogen esis, and that its beneficial postnatal functions (tumour suppression and tissue repair) arose later during evolution. However, the distinct but overlapping manifestations of senescence in embryonic and postnatal tissues need not be a consequence of sequential evolution. Rather, cells might be programmed to link arrested cell proliferation to other cellular responses, including a secretory phenotype, to meet a variety of physiological needs and respond to various forms of stress. This possibility would explain why some senescent states seem to depend primarily on p53, others on p16
INK4a , yet others on p21, and so on. It might also explain why there are no markers that are unique to senescent cells 4 . Finally, the idea that senescence responses are assemblies of cellular characteristics might explain why the SASP proteins differ depending on the senescence inducer, cell type and tissue of origin 8 , including whether the senescent cells reside in postnatal tissues or the embryo 5, 6 . Regardless of the origin of cellular senescence, the deleterious (pro-ageing) effects of senescent cells are clearly maladaptive. The number of senescent cells increases with age in many tissues, possibly because they are incompletely eliminated by the immune system and/or produced in greater numbers in aged organisms. Consequently, aged tissues might suffer from an accumulation of non-dividing cells and the persistent presence of SASP factors that can promote chronic inflammation and alter tissue structure and function.
The findings that vertebrate embryos are replete with cells bearing characteristics of senescent cells opens up possibilities for furthering our understanding of the relationship between embryonic and adult cells, and how tissue regeneration, tumour suppression and ageing are balanced. They also raise ideas for potential therapies. Is it possible, for example, to activate embryonic senescence programs to optimize tissue repair postnatally or even in aged adults? Answers to such questions depend, of course, on future research. ■
